Background:
Introduction
Colorectal cancer (CRC) is the second most common cause of cancer-related deaths in the United States (U.S.) and the third most common cancer in both men and women. In 2009, 136,717 people in the U.S. were diagnosed with CRC, of whom 70,223 were men and 66,494 women. In the same year 51,848 people in the US died from CRC, including 26, 806 men and 25,042 women. [1] Despite the huge public health threat posed by this disease, CRC screening rate remains comparatively unacceptable, lagging behind other evidence based cancer screening programs such as mammography and pap smears for breast and cervical cancers respectively. The latter have estimated screening rates of 67% and 80%
respectively, but less than 40% of at risk population undergoes CRC screening.
Additionally, there are marked disparities in mortality nationally between non-Hispanic whites and other racial/ethnic groups in the US. [2] [3] [4] [5] [6] Disparities in CRC mortality have been well documented by several studies [1] [2] [3] [4] [5] [6] [7] [8] [9] but only a limited number of them have focused on differences, stemming directly from access to care as a result of the paucity of gastroenterologists and surgeons. [4, [6] [7] [8] [9] [10] [11] [12] [13] [14] Many of these have examined the interactions of race [3] [4] [5] [6] 9, [12] [13] [14] [15] [16] , gender [10, 15, 17] , disease stage [9, 15] and insurance coverage [5, 7, 15, [17] [18] [19] [20] and colorectal cancer outcomes. Large population-based epidemiological studies have alluded to the possibility of geographic differences fuelling these disparities without conclusive association with outcomes and mortality. [5, 9] More recently, the overall incidence and mortality of CRC has decreased, [21 ] likely as a result of improved screening measures coupled with increasingly better access to improved quality of care with technological advancements and active surveillance programs. Disparities still persist, despite the strides made in combating these imbalances.
To the best of our knowledge no current reports in the literature have conclusively addressed the differential mortality rates related to the variations in specialist density at the county level. To address this deficit, we sought to assess the association of density of providers of colorectal cancer screening and treatment and other county level socioeconomic factors, and colorectal cancer mortality rates.
Methods

Data sources and variables
We performed analyses on the Surveillance Epidemiology and End Results (SEER) data, Outcomes and statistical analysis Our primary outcome was age-adjusted county level colorectal cancer mortality rate, which was obtained calculated using data from the National Center for Health Statistics from January 2006 to December 2010. [23] Counties without information on colorectal cancer mortality as well as provider density were excluded from the analysis after assuming missing data was random..
The densities of gastroenterologists, general surgeons and age-adjusted colorectal cancer mortality rates were mapped and compared. The latter was found to be normally distributed and without data on the number of colorectal cancer cases per county we used linear regression for the analysis. UUnivariate linear regression analysis was performed separately to assess associations between the county level age-adjusted colorectal cancer mortality and provider density, as well as other county level socio economic predictors.
Furthermore Atwo separate multivariate linear regression models was fitted by including predictors with a p-value less than 0.10 from the univariate analysis by a backward stepwise selection method. The initial model considered the densities of gastroenterologists and general surgeons as continuous variables and the latter as categorical.the socioeconomic and demographic data as categorical variables. Results were considered significant if p< 0.05. Analyses were performed using Stata ICE version 12.
Results
Of the 3,220 counties in the United States a total of 2,608 counties with complete data on age-adjusted mortality rates and provider density were included in the analysis. This in colon cancer screening. [34] This is in sharp contrast to ovarian, lung and prostate cancers which lack widely acceptable screening tools.
In spite of this, colon cancer continues to be the second most common cause of cancer related mortality in the US and colonoscopy lags behind other cancer screening tools like mammography. In the face of these advancements, there still exist geographic disparities in access to colonoscopy screening. Anderson et al showed an association between rural/urban habitation and adherence to colorectal cancer screening. [8] Previous studies have also documented an association between the density of gastroenterologists and late stage diagnosis of colon cancer. [35] These revelations, call for a concerted effort to improve access to colonoscopy screening by ensuring equitable distribution of specialists who provide these services. This situation could also be remedied to a certain extent by increasing the training spots for these providers. Although no association was observed between primary care physicians and colorectal cancer mortality, training primary care physicians to perform colonoscopy screening might potentially improve these disparities.
The use of itinerant endoscopist could also be helpful to reach inhabitants in remote areas.
In spite of recent data showing a surge in colorectal cancer related procedures being performed by board certified colorectal surgeons, general surgeons across this country continue to perform the bulk of these procedures. [36] Consequently, we sought to examine the association between the density of general surgeons per 100,000 people across counties and colorectal cancer mortality. General surgeon density of between 0.1 to 5.0 and 5.1 to 10.0 per 100,000 people was associated with a significant reduction in colorectal cancer mortality rates. However, a marginal association was observed for general surgeon density beyond 10 per 100,000 people compared to areas without a general surgeon. The density of general surgeons in an area can significantly affect access to their services.
Haas et al reported that patients diagnosed with colorectal cancer and living in areas with
high capacity of surgeons were more likely to receive surgical care compared to their counterparts in lower surgeon capacity areas. [37] Socioeconomic status is an important determinant of access to healthcare and has been shown to impact outcomes for colorectal cancer. [28, 29] Interestingly, this study corroborates these findings by revealing that counties with higher median household income and increasing percentage of residents with high school diploma are associated with lower colorectal cancer mortality rates. While higher education might impact survival through higher income, it also empowers people to understand the importance of screening and seeking early intervention. Although the level of urbanicity was found to be associated with county level colorectal cancer mortality in the univariate analysis, this association diminished after the inclusion of provider density in the model. Similarly, no association was observed between the number of hospitals offering oncologic services in a county, unemployment rate and county level colorectal cancer mortality rate.
Paradoxically, an increase in the proportion of people in a county younger than 65 years without health insurance was associated with a decrease in colorectal cancer mortality rate. This is in contrast to individual level studies that have reported better outcomes for patients with insurance coverage compared to those without. [5, 7, 20] However, our finding is not in isolation, as another study on melanoma related mortality reported a similar association. [38] We share their opinion that competing risks from other long term co-morbid condition like heart disease and diabetes might preferentially affect mortality of the less insured, painting a picture of a relatively lower cancer related mortality rate.
The results of this study should be interpreted bearing in mind all limitations inherent in ecological studies. It is noteworthy that no causal inferences can be made and that generalizing results to individual patients risks committing an ecological fallacy. Also, we failed to account for service providers with multiple locations of practice and this might potentially overestimate the provider density in some areas, while underestimating the disparity in others. However, we are conscious of the fact that any such effect might be minimal. In this paper we assumed that people living in a county receive health care services from the same county but this may not be entirely true. This study is also limited by other issues that confront large registries, which include the presence of missing information and unmeasured variables which could explain some of the associations seen.
Furthermore, this study does not specifically identify physicians who provide colonoscopy screening and perform surgeries on patients diagnosed with colorectal cancer within the study period. However, we believe this is an important step to formulate hypotheses, engender discussions and offer opportunities for further studies to investigate geographic disparities in the distribution of gastroenterologists and general surgeons and colorectal cancer mortality in the United States.
Geographic disparities in outcomes for colorectal cancer and other cancers should be of utmost concern to policy makers. This is because, whilest little can be done about genetic factors associated with outcomes for colon cancer, several steps can be taken to correct these disparities whether it is geographic, racial or socioeconomic to improve outcomes for patients. The need for an improvement in the specialist workforce distribution and numbers have been a subject of interest in recent studies. [32, 39] The congregation of specialists like surgeons, gastroenterologists and radiation oncologist in urban centers, teaching hospitals and high income areas might preclude inhabitants of remote areas from benefiting from their life saving services at an earlier stage. Interventions like incentivizing physicians to work in underserved areas and outreach screening services are examples of the many interventions that have been suggested.
Our study unveils the existence of geographic disparity in colorectal cancer mortality rates in this country and its association with the distribution of specialist who provide screening and or treatment services for this disease and median household income. Consequently a concerted effort by all stakeholders must be made to stem this disparity. Moreover, further studies on county level screening colonoscopy rates and stage specific incidence and mortality rates would also help to shed light on this important subject. Accounting for county level colorectal cancer rates might contribute to explaining these findings. Table 1 Demographics of Study Population 
